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(57) ABSTRACT 

This invention provides a color matching apparatus for 
automotive repair paints with which the color matching of a 
repair paint to an existing paint, whether containing or not 
containing a metallic or pearlescent pigment, can be per- 
formed with high precision in a reduced number of steps 
even by the novice. The apparatus of the invention com- 
prises a computer, a color data file and a database reference 
system. 
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COLOR MATCHING APPARATUS FOR Japanese Kokai publication H2-292699 discloses a 

AUTOMOTIVE REPAIR PAINTS weighing and color matching system comprising a computer 

unit and, as connected thereto by a telephone line, a 
MODEM and a calorimeter. Japanese Kokai publication 

TECHNICAL FIELD 5 H8-332438 discloses a weighing and color matching appa- 
ratus comprising a computer unit, a weighing station, a 

The present invention relates to an apparatus for the color calorimetric station, a touch screen and a touch pen. With 

matching of an automotive repair paint. those technologies, however, it is a master computer con- 
nected to a public communication line that computes a paint 

PRIOR ART ^ formulation from measured data of a color sample and 

An automotive repair paint is used for a partial or overall performs a correction computation and said computer unit 

recoating of the exterior of an automobile for repair or processes the color matching formulation based on the 

retouching. Usually in such automotive repair coating, it is results of computations received from said master computer 

necessary to reproduce a color substantially identical to the via the public communication line. As such, this weighing 

existing surface color of the automobile. Therefore, the color is and color matching apparatus does not have a system of its 

matching of a repair paint is a very delicate operation calling own for performing a color matching computation or a 

for many years of experience and much intuition. correction computation needed for paint formulation. 

... 4 , j *j i f Therefore, the processing speed is not as high as desired and 

Meanwhile, recent years have witnessed a great deal of L u , > ^ . * J . , . n . * . . 

diversification of automobiles not only in model but also in * e ^ ^cumulated mdividually m the work place 

the color and kind of finish coating. Therefore, the color 20 «n hardly be reflected m the c^lor matching computation, 

matching of repair paints is required* deal with an increas- to f adequate enough » the quality of operation 

ing divelity of^ating compositions and hues. and workability In addition, as ar as chromatic coating 

& J & ^ . containing metallic or pearlescent pigments are concerned, 

When automotive repairing is performed as a business, it a colof matching technique taking the influence of metallic 

is essential to deal with each request for repair with high Qr ^2^^ pi g ment s on the output color into consider- 

efficiency and provide an improved precision of repairing to ^ faas ^ beeQ ^p^^ted ^ yetj ^ me result that 

thereby win the client's, satisfaction. On the other hand, to k Qrder tQ reproduce the desired hue and luster, it is 

realize a greater rationalization of color matching, it is necessary to back up the system with experience and intu- 

getting more and more necessary to put ingenuity in the ii[oQ For these reasons> me prior ^ cannot be sufficiently 

working procedure so as to minimize dependence on skill ^ rclicd OQ for ^ purpose of improv i ng the efficiency and 

and reduce labor and time. rationality of a formulating operation. 

In order to improve the efficiency of a repair job by Japanese Kokai publication H7-150081 discloses a 

reconciling the above conflicting requirements, it is keenly mc thod for reproducing a paint film color by computing the 

demanded to introduce a practically useful color matching formulating amounts of paint component materials inclusive 

system involving a minimum of procedural steps requiring 35 of co i orants and metallic or pearlescent pigments, which 

experience and perceptual acuity and enabling any one to comprises using known correlations of the amounts of 

attain a precision color matching with high efficiency in a components inclusive of colorants and metallic or pearles- 

short time. cent pigments with reflectance and carrying out a compu- 

Such a color matching system may not meet actual needs tational to obtain characteristic values corresponding to a 

unless it is able to deal with both a solid paint and a metallic ^ new reflectance by interpolation using an inverse estimation 

or pearlescent pigment containing paint(briefly a metallic or technique. However, since this technique is a method of 

pearlescent paint). Moreover, such a system will not be determining a relevant formulation by interpolation from 

practically useful if it is not easy to manipulate or work with. known reflectance-characteristic value correlations, it is 

The conventional computer color matching technology difficult to provide for a sufficient degree of freedom in 
for determining an adequate formulation for a paint con- 45 formulation particularly in the case of paint film colors 
taming a metallic or pearlescent pigment comprises com- containing metallic or pearlescent pigments. Furthermore, 
puting a colorant formulation conforming to a target color what is disclosed is no more than a computer-aided color 
under a given coating parameter setting by convergence matching technology and no information is disclosed about 
using the Kubelka-Munc optical density equation, determin- a practically useful system which can be applied to actual 
ing a metallic or pearlescent pigment formulation necessary 50 automotive repairing for solving the above-mentioned p rob- 
to reproduce a desired luster or hue by empirical judgement lems. 

using available information, comparing a colored sample Thus, in the prior art, particularly in connection with 
prepared with a paint of the formulation thus computed with metallic or pearlescent paint colors, the computational 
the chromaticity and luster of a target color and adjusting the means for finding a formulating ratio of metallic or pearl- 
difference by repeated correction computation and visual 55 escent pigment to colorant pigment reproducing the desired 
evaluation aided by experience until an agreement in luster hue and luster has not been implemented in a computer color 
and hue has been finally obtained. matching system and the versatility in the formulation which 
Japanese Kokai publication H2- 184369 discloses an auto- can be dealt with is limited. Moreover, in order to obtain a 
matic weighing and color matching system comprising a formulation sufficiently matching the target color in both hue 
computer unit and, connected thereto via a channel, a 60 and luster, the computer color matching routine must be 
terminal unit and an automatic batching unit. However, this repeatedly executed or the trial coating be performed repeat- 
technology is such that color matching data are supplied edly on a trial-and-error basis relying on visual assessment 
from a master file on a computer and the system is not and experience. This is because, in order to reproduce the 
equipped with a mechanism for the color matching compu- desired hue and luster, the influence of metallic or pearles- 
tation for paint formulation or a correction computation and 65 cent pigments on chromaticity must be taken into 
is not sufficient in the precision and versatility of color consideration, while the hue is influenced by the formulation 
matching. of colorants and the coating thickness, among other factors, 
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3 ,. „ h pic 2 is a schematic diagram showing the construction of 

so ^^computation must be carried outtaktng all such 4 ™ 0 ^ atching apparatus according to present tnveo- 

factors into account. ^ on 

Partic^larlyinthecolormatchingo^^^ FIG. 2 is a schematic diagram sho^ng color m^hing 

paint, unlike creative color designs and ^obs, ^rt H ^ ^ ^ ^ ^ color matchmg apparatus 

agreement with the currently P'^^^™' 0 ;.^ acc0 Lig to to present invention, 

automobile to be repair-finished is required ««« J showin the fi^ logic 

ifflis: siTrsas .sjii-*-^ 

^rjfflKS^i 10 ' ™ X hematic diagram showing the colo, ^ 
^SlTSSJ^^^r.'t laSnfunctionofthecolormatchingapparatusaccordrngto 
faking to ^tually measured data on the automobile to be te prcseDt mve „uon. 
repaired into consideratioa LEGENDS 

JS^:SSSKS^ ,^-paneldUplay 

anTSr C, many trials are required untfl a necessary 3 . Touch pen 

oSon has'beenattained so mat to color making ^ 4 . Electromc ba lan<* 

takes much labor and time, thus increasing the cost ot ? Color measurmg utut 

repairing. Moreover, even if many triak are 6 Docking station 

matching and correct for to above-mentioned ">nuence « INVENTION 

SUMMARY OF THE INVENTION „ m Color Matching Computation Block 

The present invention relates to a color matching appa- > flow of ^ ma , c hing computation m to present 

raws foHutomotive repair paints which comprises a ^ ^ ically ^seated by be Mock ^diaggam 

cXute a color display, a spectrophotometer capable of pIG 3 ^ me mulUp i e . angle spectia reflec 

^rr,»«,r e menta7a plurality of viewing angles, and an lor are measu red (Step 1). Then, 

^ m, ? ,S 45 baTdate of colorant spectral reflectance values are read 

SSS^^ca^coo^^acotem.lctang « S L color data file not shown and to o^ubUono^ 

Son ^tem capable of performing a color matchmg q£ wlorants t0 te used is «*^<22 c £ 

daTrSTcommunication channel and, in response to a ^ nversion mt0 ra nge * *Pf ^ 

S££o££ and color daU in said color data file and ^JJ^ pigm6Dt D6mg taken into ^count 

outS to result of said computation to sari color b ^ deduction is performed v^ng 

l S electronic balance, with said, apparatus, upon ^Reflectance data at a plurality of viewing angles as 

^nnll beine enabled to retrieve at least said paint com- » rotorant -metallic or pearlescent pigment formula 
SbSrl automotive top coat formulatio, .base ^ ^ param6ters ^ to 

BRIEF DESCRIPTION OF THE DRAWINGS 6S ^rj^er IS^SS 
FIG. 1 is a sketch showing to color matchmg apparatus 
according to to present invention. 
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When the Target Coated Color is the Color of a Solid In the above step (i), the target color of a film containing 

Color Paint the metallic or pearlescent pigment is measured with a 

When the target coated color is the color of a solid color spectrophotometer capable of colorimetric determination at 
paint, the spectral reflectance of the target color of the a fixed illuminating angle of observing light and a plurality 
automobile to be repaired is measured and while reading the 5 of viewing angles, for example 3-4 or more directions 
base data spectral reflectance values of coated plates from inclusive of the highlight direction, front direction and shade 
the color data file (to be described hereinafter) and comput- direction, i.e. a multiple-angle spectrophotometer or a 
ing the predicted spectral reflectance corresponding to the goniospectrophotometer. The multiple -angle spectropho- 
formulation of a plurality of colorants to be used in a given tometer and goniospectrophotometer mentioned above are 
ratio from the Kubelka-Munc optical density equation 10 capable of color measurement at a fixed illuminating angle 
described below, a formulating computation is carried out. of observing light and a plurality of viewing angles. 
This predicted spectral reflectance is compared with the Therefore, the resulting spectral reflectance R can be gen- 
reflectance of the target color and if the difference from the erally represented by the following expression, 
target color is greater than a predetermined range, a con- 
vergence computation is repeated until the result has fallen 15 9«*d ^) 

within the necessary range. _ ^ . .„ . .. . ... . 

He Kubelka-Munc optical density equation, which is where e * r f ***** the .^mating angle with the direc- 

applied here, is as follows. hon normal , to th ? s P ec " nen . surface > B r "-presents the 

viewing angle with the direction normal to the specimen 

(i?/s) x =(3-^ 2 /2«J0^<i) 20 surface, and X represents wavelength. 

Particularly when the viewing angle 8 OUI is close to the 

where (K/S) x represents the Kubelka-Munc optical density illuminating angle of observing light 0^, the specular reflec- 

at wavelength X and R x represents the reflectance at wave- tion component exerts a significant influence. This tendency 

length X. Using the above Kubelka-Munc optical density is particularly pronounced for a portable type spcctropho- 

equation, the spectral reflectance as the base data in said 25 tometer in which the distance of the ilhiminant source 

color data file is transformed to the ratio of absorption position and viewing position from the specimen surface is 

coefficient K to scattering coefficient S, that is K/S. Then, the small relative to the illuminated area of the specimen. In 

optical density on mixing is determined using the two- such cases, the interfering stray light component is measured 

constant method according to Duncan's theory of color using a perfect mirror surface reflector beforehand and a 

mixing and further transformed to a reflectance. In this 3Q correction is made. The perfect mirror surface reflector is 

manner, the predicted spectral reflectance corresponding to preferably an optical plane mirror obtainable by the vacuum 

a given formulation can be computed. vapor deposition of aluminum on a glass plate having an 

To improve the prediction accuracy in the above extremely flat and smooth surface, 

procedure, a transformation to ideal reflectance may be In the above step (ii), in order to compute the predicted 

performed using Sanderson's equation to correct for the 35 spectral reflectance on the mixing of a colorant with a 

influence at the boundary between the resin layer and the air metallic or pearlescent pigment in a given ratio, the base 

layer. Then the above theoretical expression of color mixing data spectral reflectance Rb of the metallic or pearlescent 

may be employed. pigment and the base data spectral reflectance Rg measured 

In the above corrective computation, the iterative com- for the colorant mixed with the metallic or pearlescent 

putation technique according to Newton-Raphson's formula ^ pigment are stored beforehand in a computer memory. Those 

can be used and a convergence computation can be carried base data are expressed as follows, 
out by the metameric method monitoring! the difference 

from a target using the tristimulus values XYZ and coordi- Jiwu<e, A, x) 

nates L*a*b* or the isometric method in which the square z?«_o«wo )l ^ 

sum of the difference from the target reflectance is evalu- 45 *~ ®" > K > x >y) 

atc< *- t . where 9 represents the viewing angle; x represents the 

When the target color is that of a solid color paint, a repair concentration of a metallic or pearlescent pigment; y repre- 

paint matching the target color can be formulated by the ^ n{s me concentration of a colorant; and X represents 

above process. wavelength. 

When the Target Color is the Color of a Metallic or 5Q In me present invention, said base data spectral reflec- 

Pearlescent Paint tance Rb of a metallic or pearlescent pigment and said base 

On the other hand, when the target color is the color of a daU spectral re flectance Rg measured for a colorant 

metallic or pearlescent paint, the color matching must deal admixed with the metallic or pearlescent pigment are pref- 

with both a colorant pigment and a metallic or pearlescent eraWy the values corre cted for said stray fight, the surface 

pigment. In order to attain an agreement with the target color 55 reflectancc of tne paint ve hicle nsm, and the influence of the 

in both hue and luster, the formulation of the colorant and internal mirror surface reflectance of the resin, 

luster components a determined as follows. Furthermore, the measured spectral reflectances Rb and 

(i) Using a spectrophotometer capable of color measure- R g G f a coating containing a metallic or pearlescent pigment 
ment at a plurality of viesing angles, the spectral are ap t to exceed 100% in case the viewing angle is close to 
reflectances of the target coated color corresponding to 60 specular reflection. Therefore, in the present invention, said 
a plurality of illuminating angle-viewing angle corre- Rb and Rg values are preferably determined by applying the 
lation are measured. orientation-trap model. Thus, in the interior of the paint 

(ii) The formulating ratio of the colorant pigment to the layer, the iUuminating light is scattered at various angles 
metallic or pearlescent pigment which will match the depending on the form and orientation of the metallic or 
distribution of measured spectral reflections is com- 65 pearlescent pigment and the coating conditions used, 
puted by performing a predictive computation of Moreover, the illuminating light incident on the gaps of the 
expected spectral reflectance from the formulation. metallic or pearlescent pigment is trapped in the gaps. By 
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taking those factors into account, the ideal spectral reflec- Based on the above discussion, the absorption spectrum 
tance Rb fru<f is expressed as follows. corresponding to a formulation of n kinds of metallic or 

pearlescent pigments and m kinds of colorants can be 
**w(e, K *Wo(e, xyr/XHW Wi-iHh *)>/UB. *) expressed as follows. 

where I,{X) represents the incident energy of observing light 5 \jj /a vn y 

at wavelength X; I ? (8, X) represents the energy of observing {$£(1)] * 2 " " ^ ' " 

hght received at viewing angle 6 and wavelength X; C(8, X) J J 

represents the scattering orientation function of light by where the symbols have the same meanings as defined 

metallic or pearlescent pigment; Tr(X, x) represents the above. The sum is taken up to n for i and up to m for j. 

efficiency of trapping of observing light at metallic or 10 Therefore, the predicted spectral reflectance can be com- 

pearlescent pigment concentration x; 1^(8, X) represents the puted from said absorption spectrum Abs^B, X, x lf x^ . . . 

intrinsic reflectance of metallic or pearlescent pigment. The Xn> y lt y 2 . . . y^) with said Lambert-Beer law taken into 

ideal spectral reflectance Rg^ with respect to Rg can be consideration. In FIG. 3, the process 2 represents this step, 

derived in the same way. The degree of random reflection depends on the level of 

The spectral reflectance for a formulation containing a 15 addition of a metallic or pearlescent pigment and, moreover, 

plurality of metallic or pearlescent pigments is preferably the spectral reflectances at different viewing angles are 

determined beforehand as the spectral reflectance Rb^^, varied. Usually, as the density of a metallic or pearlescent 

from said ideal spectral reflectance Rb fru ^, as follows. Thus, pigment in the colored layer is increased, the scattering 

as the relative values for a staindard metallic or pearlescent power per unit area within the colored layer is increased, so 

pigment, the orientation function Q(8, X) and trap effect Tr, 20 that the random reflection due to the metallic or pearlescent 

(X, x) are determined and using those values, the intrinsic pigment is also increased to augment the luster. However, as 

reflectance of the standard metallic or pearlescent pigment is the scattering power ultimately reaches a saturation, the 

computed from the ideal reflectance R^^S, X, x) of the luster will not be increased any more even if a further 

standard metallic or pearlescent pigment R^^B, x )* amount of the metallic or pearlescent pigment is added. 

\_» mi h _ 7f , v. 25 Therefore, the relationship of the change in luster to the level 

K *H*««m<P, *)/c,(eAMi irjfr *)i of additioQ of ^ metallic or pearlescent pigment is propor- 

where R„„(8, X, x) represents the intrinsic reflectance of the tional up to said saturation, thus being a monotone increas- 
standard metallic or pearlescent pigment. Based on the ing function with a positive linear differential and a negative 
result, the spectral reflectance for a formulation containing quadratic differential. Therefore, the base spectral reflec- 
n kinds of metallic or pearlescent pigments is computed by 30 tance data at each illuminating angle-viewing angle cone- 
means of the following equation. lation are generated using gradually increased amounts of 

the metallic or pearlescent pigment beforehand and utilizing 
Mr, * 2 • • - *>4Q/e, K x^yix^i-HTr^ ^ relation f between the concentration x of the metallic or 

*}x J y*#qR m jp, x, xfaysxj pearlescent pigment and the flop value F representing the 

where Rb^^ (6, X, x 19 x^ . . . represents the spectral 35 luster, the flop value F corresponding to the concentration x 
reflectance of a formulation containing n kinds of metallic or of the metallic or pearlescent pigment is estimated according 
pearlescent pigments at the levels of x 1? . . . x„. The sum to the following formula, 
is taken up to n for j. The other symbols are as defined 
hereinbefore. 

From the base data spectral reflectance Rb after said r A A e „ . , _ , 

correction and the base data spectral reflectance Rg for the t^J^^Z^Z^^ 
colorants mixed with _ metallic or pearlescent pigments, the q ^ ^ o{ fl value ^ 

absorbance A due to the colorants can be found as follows. determined ffom tQe ^Ution of the flop value and the 

A**Rg(e t X, x, yyxb(e, K x) 45 amount of the metallic or pearlescent pigment as determined 

discretely beforehand. For this correlation, the linear inter- 
When the colorants are high in transmissivity and low in po i at i on method, for instance, can be used. In order to 
scattering power, the Lambert-Beer law may be assumed to the accuracy of this interpolation, the flop value F 

hold. ^ preferably transformed to the flop value F a using a 

Abs(e, K *> yh-to&iT) 50 monotone increasing function with a positive linear differ- 

ential and a quadratic differential close to zero with respect 
where Abs (8, X, x, y) represents the absorption spectrum for to the concentration x of the metallic or pearlescent pigment, 
a colorant mixed with a metallic or pearlescent pigment; T Since this transformed flop value F a is highly proportional to 
represents transmittance. The relation of absorbance and the level of addition of the metallic or pearlescent pigment, 
transmittance is T-A-l. Here, taking the light path length 55 the additivity of transformed flop values F 1 for a formulation 
within the coating layer and the intrinsic absorption spec- containing a plurality of metallic or pearlescent pigments is 
trum of the colorant into consideration, the following equa- morc ready to hold true so that the accuracy of estimation of 
tion holds. the flop value for such a formulation containing a plurality 

of metallic or pearlescent pigments is improved. 

Ate(8, a, x, y)=L{Q, xyy-Ab^K) ^ ^ accordanoe ^ fo c p resent ^^0^ m de t er - 

where L(8, x) represents the light path length with the mining a paint formulation containing colorants and metallic 

metallic or pearlescent pigment in the coating layer taken or pearlescent pigments, the formulation giving the target 

into consideration; Abs(8, X, x, y) is as defined above; spectral reflectance and target flop value can be predicted 

Abs(X) represents the intrinsic absorption spectrum of the with the change in spectral reflectance at each viewing 
colorant. The above L(8, x) value is determined for the 65 angle, which occurs with a change in the level of addition of 

metallic or pearlescent pigment using a standard colorant metallic or pearlescent pigments, being duly reflected in the 

beforehand. predictive computation. 
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9 **. a presents the ith membership 

obSZ a predict^ computation based on said formu- "£S*P«*v«fc base d on the total formulation. Since 

£^ citing condition data generated using coated formulating ratios lies withui fce range of 

£ TdXed iu the memory is compared with 35 to ^al ^ ^ can % e ^ded by n. Tbe dividing 

SSlSaSna reflectance value theoretically computed O-10a ^£ M varicd 6xponenti aUy, dense in the pale 

t), preparation. For example, ^ « measured 

r^nts the concentration oftomAme^corp^l^ ^Stt L dense where said ratio is clc^e to 1.0 and 

,,««„„» -M- » XixdM d— - J£f^- - ^ — — > — • 

in 1 output. a 0.^00 (Ihe observed magnitude of the fonnulaUoti of all 

S^tto antecedent proposition 1; a 2 represents the ante- ») 
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a 5 °=V'-~. (the ratio of film thickness to presupposed maximum coating thickness; Ft represents the flop value obtained 
film thickness t^J theoretically as above. 

, JJ . . , t „. Thus, it is possible to construct a deduction mechanism 

a- -v^v™, f the ratio of the level of addition of the metallic or „ . * . . . , . , . . _ 

6 ptfcnt pigment to it, presupposed o^imum level of addi- for correcting the result of the above theoretical computation 
tiony,^ 5 at wavelength X with measured optical density, and in 

accordance with the present invention, even when data 
tP-BkjlRk R (the ratio of the measured optical density /tt* at generated with a multiangle spectrophotometer are used, the 

uSfrT Xt0thC thCOrCUCal ^ deDSlty 31 ™*" accuracy and time of a color match computation for achiev- 

c ing the target color and objective flop value can be dramati- 

In the fuzzy deduction, each concept in the antecedent 10 cally improved, 
clause is fuzzified using the membership function based on (2) Color Data File 

the difference between the target value and the retrieved In the present invention, a color data file is installed on 
value. Then, using a predetermined fuzzy production rule, it said computer. The color data file mentioned just above 
is decided what measure is needed to cope with the situation; comprises at least a colorant base data file, a metallic or 
for example, if the amount of a colorant is slightly too large, is pearlescent pigment base data file, a white pigment base data 
the amount of the particular colorant should be reduced. file and a learning performance data file. 
Then, the membership function of the consequent clause is The colorant base data file, metallic or pearlescent pig- 

selectively applied. From the function so applied, the ment base data file and white pigment base data file men- 
amount of colorant to be corrected is determined. This tioned above comprise the formulating amounts of 
process is called defuzzification. In the present invention, 20 colorants, metallic or pearlescent pigments and white pig- 
the conditions used in the preparation of coated plates ment and the corresponding spectral reflectance data in the 
prepared beforehand and the measured reflectance values are visible wavelength region at various angles. The spectral 
stored in a computer memory and in order that an exact reflectance data mentioned above may be the weighted 
fuzzy output of the consequent clause may be obtained using average spectral reflectance values at a plurality of viewing 
the stored information, adjustment of the consequent clause 25 angles or the measured values generated by illuminating an 
membership function and adjustment of the fuzzy produc- observing light beam at an incident angle of 45° with the 
tion rule are carried out. In this case, the computation is direction normal to the specimen surface and viewing the 
performed by a defuzzification technique using the simple light at 3 or 4 different viewing angles, for example 20°, 45°, 
height method. In this simple height method, the member- 75° and 110° with the direction of specular reflection, 
ship function does not have a spread in the dimension of 30 Measured data generated using a goniospectrophotometer 
consequent clause concept b but becomes a mere function of can be likewise employed. 

the position on the b-axis and its height. The fuzzy logic is The learning performance data file mentioned above 
then as follows. comprises the multiangle spectral reflectance or gonio- 

spectral reflectance data of coated specimens prepared using 
/^(fcHfHv^iC^Moh^*))^ - - ■ [^m^(b)]^ 0 =XB o (b)b/lE^(b) 35 a plurality of colorant-metallic or pearlescent pigment for- 
mulations and the coating conditions used in the preparation 
where B° represents a function of the result of deduction of c f said samples, and is used in fuzzy correction computation, 
the consequent clause membership function; Bj represents j n mc p rcse nt invention, said color data file can be 
the ith consequent clause membership function; w 1 repre- connected via a communication channel to a remote paint 
sents the degree of fit of the ith rule comprising the logical ^ formulation database server for retrieval of at least paint 
product of the ith fuzzy label for all the antecedent propo- component base data and automotive top coat base data so 
sitions; b° represents the output obtainable by defuzzifica- mat mey may be utilized in said color matching computa- 
tion of the deduction output; and b represents the concept of £ Qn By way G f illustration, in the color matching 
the consequent clause. computation, the fading of the automobile to be repair- 

Adjustment of the consequent clause membership fuoc- 45 coate d can be evaluated by using the automotive top coating 
tion and that of the fuzzy production rule are carried out as formulation data and colorimetric data retrieved from the 
follows. Thus, if only one antecedent data exists in the same database server. Moreover, in the color matching 
cell within the fuzzy label space, the consequent clause computation, the automotive top coating formulation data 
membership function Bj is set at height 1. The fuzzy anc j calorimetric data obtained from the database server can 
production rule is adjusted, assuming that the particular cell 50 ^ utilized as the information for improving the precision 
has fired, in such a manner that B a will result from the logic and speed 0 f me matching computation, 
of the antecedent clause. When a plurality of antecedent data p or mese purposes, the computer in the present invention 
exists in the same cell, the value of B a and the corresponding ^ equipped with a database reference system for referring to 
fuzzy production rule are set by extrapolation in the neigh- me database server through a communication channel to 
borhood cells where the respective data will fire. S5 retrieve at least the paint component base data and automo- 

In the cell which did not fire, the fuzzy production rule of ^ top coat t, asc formulation data. The connection to said 
the cell which fired is set by interpolation or extrapolation. database server is effected by using a communication means 
The flop value F can be written: b y which said system can be connected to the server. The 

communication means mentioned above may for example be 
F ^F^jbc ' ' Xm X "x\ t)a y% lr * 2 ' ' ' x ~ y *' 60 a modem and a communication software. 

lf * s *" v Since, in the present invention, said color, matching 

In this case, too, a predicted flop value F can be accurately computation system for carrying out a color matching corn- 
computed by determining the flop correction function F w putation for an automotive repair paint either containing or 
by fuzzy deduction. In the above expression, x„ represents not containing a metallic or pearlescent pigment and said 
the concentration of the nth colorant; x^ represents the 65 color data file are installed oo the computer, the result of a 
concentration of a white pigment, y g represents the concen- color matching computation after correction with accumu- 
tration of a metallic or pearlescent pigment; t represents a lated reference data obtained by execution can be outputted 
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in response to a computation command in a short time, for 
example within 3-60 seconds, and in the case where said 
correction is not required or no metallic or pearlescent 
pigment is contained, the result of the color matching 
computation can be outputted in a still shorter response time, 5 
for example within a few seconds. Furthermore as the 
computer is connected to a database server through a com- 
munication channel, the base data on colorants land metallic 
or pearlescent pigments, fading information and automotive 
top coat formulation base data can be retrieved on line and, 10 
where necessary, the computer data can be updated. 

The database server mentioned above has an automotive 
repair paint formulation base information database. This 
paint formulation database is preferably a database in which 
master formulations and color data inclusive of fading 15 
information by type of automobile on the market have been 
entered. 

The type of computer which can be used in the present 
invention is not particularly restricted but may for example 
be a personal computer. The preferred personal computer is 20 
one equipped with a CPU having a clock frequency of not 
less than 166 MHz, an internal memory with a capacity of 
not less than 16 MB, preferably 32 MB or more, a hard disk 
unit of not less than 1 GB and a modem, preferably a built-in 
modem having a communication speed of not less than 28.8 25 
kbps. Moreover, said computer is preferably of low power 
consumption and small heat generation. Thus, for example, 
the relevant components used in the notebook-sized portable 
computer can be utilized. 

In the present invention, said computer optionally has an 30 
electronic balance weighing-support function, a color simu- 
lation function, a weighing candidate selection function, a 
calorimetric function, a color difference measuring function, 
a product lot management function, an authoring function, a 
remote maintenance function, etc. The electronic balance 35 
weighing-support function mentioned above comprises an 
electronic balance-associated weighing function, an elec- 
tronic balance-associated color simulation function, a data 
file registration function, etc. and is able to expedite con- 
struction of said learning reference data file. 40 

The color simulation function mentioned above is a 
function such that in the process of weighing out paint 
components with the electronic balance according to the 
formulation determined by the color matching computation, 
the predicted reproduction color corresponding to the for- 45 
mutation during weighing and the target color can be indi- 
cated in parallel in real time on the color display for each 
viewing angle. By this function, the color corresponding to 
the in-process formulation during weighing can be instantly 
computed and displayed in comparison with the target color, 50 
thus enabling the user to visually assess the degree of 
approach to the target color and, hence, attain an adequate 
paint formulation with increased efficiency. This parallel 
display including the target color may for example be a 
concurrent side-by-side display of the target color and 55 
predicted reproduction color, for example in terms of the 
color in the highlight direction, the color in the shade 
direction and the averaged color. Furthermore, the color 
values at respective viewing angles can be linearized into a 
continuum by interpolation for each given range of viewing 60 
angle and displayed as a panel. 

The color simulation function mentioned above reads 
weight values from said electronic balance, transforms the 
values into a paint formulation and computes the predicted 
spectral reflectance corresponding to the particular formu- 65 
lation as illustrated in FIG. 5. Based on this predicted 
spectral reflectance, the tristimulus values X(0), Y(8) and 
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Z(0) are computed and, furthermore, the chrominance sig- 
nals R(9), G(8) and B(6) are computed. In the above 
parameters, 0 represents the viewing angle. 

The computation candidate selecting function mentioned 
above operates as follows. A plurality of formulating recipes 
may exist for colorants and metallic or pearlescent pigments 
which can implement the same chromaticity as a coated 
color specimen and, depending on the kind of metallic or 
pearlescent pigment, there may be a plurality of 
formulations, within the same recipe, which will give the 
same flop value. In case a plurality of results are obtained by 
said color matching computation, this function can be used 
to evaluate and select the optimum value taking 
metamerism, cost and other factors into consideration. In the 
present invention, as such formulation candidates, 5 
formulations, for instance, can be determined. 

The colorimetric function mentioned above is, a function 
which is used to control the measurement of light by the 
spectrophotometer used for measuring the color of a metallic 
or pearlescent paint film, for example a multiangle spectro- 
photometer or a goniospectrophotometer. The color differ- 
ence measuring function, also mentioned above, is a func- 
tion which assesses the degree of agreement between a paint 
prepared according to the predicted formulation and the 
sample and, also, to evaluate the reproducibility of data. 

The product lot management function mentioned above is 
a function which controls the release of products for ship- 
ment and can be used in the management of shipping 
histories. The authoring function, also mentioned above, is 
a function which is used for education and training and, in 
addition, is capable of providing technical information and 
sample data as necessary. The remote maintenance function 
mentioned above is a function by which maintenance work 
on the apparatus can be carried out by remote control via a 
communication line. 

The type of color display in the present invention is not 
particularly restricted but may be any device which can be 
connected to a computer and is able to display information 
in color, for example a CRT or a liquid crystal display 
(LCD). Use of an LCD contributes to size reduction of the 
apparatus. Moreover, the color display in the present inven- 
tion is preferably of the touch panel type which facilitates 
operation of the color matching apparatus of the invention. 
The touch panel display is preferably an ultrasonic scanning 
type with a glass surface structure which can be easily 
cleaned of soils and deposits due to scatterings with, for 
example, an organic solvent during the paint weighing 
operation. Incidentally, in the present invention, a touch 
panel display for facilitating the color matching operation as 
mentioned above may be provided independently of the a 
color display described hereinbefore. 

The spectrophotometer for use in the present invention is 
not particularly restricted provided that it permits colorim- 
etry at a plurality of viewing angles within the visible region 
of the spectrum. The preferred spectrophotometer, however, 
comprises a docking station, a color measuring unit and a 
battery which has been built in said color measuring unit and 
is chargeable during the period in which the color measuring 
unit set on said docking station remains connected to an 
external power supply and, as the color measuring unit is 
re-set on said docking station after the color measurement in 
its detached condition, is not only capable of transmitting 
colorimetric data to the computer but also capable of mea- 
suring the sample coated plate even while said color mea- 
suring unit remaining set on the docking station. The color 
measuring unit mentioned above is a spectrocolorimetric 
unit having a measuring head, which can be set on said 
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docking station or disconnected from the station, held with correcting computation but a paint formulation can be 
a single hand or both hands and applied against the object of determined with high accuracy and dependability over a 
colorimetry. The plurality of viewing angles mentioned broad range of coated color without calling for extraordinary 
above are preferably 20°, 45°, 75° and 110° with the skill. Thus, the formulating work which required at least 
direction of specular reflection, for example when the illu- 5 about one hour in the past can now be completed within 
mination angle is 45° with the direction normal to the about 20 minutes. Furthermore, since the calorimetric 
specimen surface. When the measurement of light is pos- parameters after application of a clear coating can be p re- 
sib le at those 4 angles, the luster of the metallic or pearles- dieted from the calorimetric data of a base coating layer not 
cent pigment can be accurately reflected in the determina- covered with the clear coating, the clear coating process can 
tion. In the case of circular illumination, the illumination is 10 be omitted to shorten the work time, 
performed at the angles of 20°, 45°, 75°, etc. with respect to Furthermore, by virtue of said color simulation function, 
the direction normal to the specimen surface and received in the color corresponding to a given formulation in the course 
said normal direction. of weighing out can be computed in an instant and displayed 

The electronic balance for use in the present invention is in parallel with the target color, so that a more efficient paint 

not particularly restricted provided that it can be used as 15 formulation work can be realized by visual monitoring of the 

connected to a computer but is preferably one having an degree of approach to the target color without adversely 

RS-232 port for connection to a computer and a minimum affecting the characteristic of color matching which is inher- 

reading limit of about 0.1 g. ently a sensorial operation. 

Of the color matching apparatus according to the present The color matching apparatus of the present invention, at 

invention, at least said computer and display are preferably 20 least the computer and color display of which are accom- 

enclosed in a solvent-resistant housing. The housing men- modated in a solvent-resistant housing, is excellent in 

tioned just above may for example be a stainless steel respect of durability, maintenance, installation space and 

housing or a housing made of solvent-resistant resin. workability. 
Moreover, when said color display is an LCD, its surface is 

preferably made of a solvent-resistant material such as glass. 25 EXAMPLES 

The exterior of said color measuring unit is also preferably ^ fon eM m ahlslrative of lhe 

made of solvent-resistant resin present invenUon, it being to be understood, however, that 

Tne color matching apparatus according o the present ^ of ^ u nQ mejns defined ^ 

invention may be optionally equipped with other accessory examples 

devices such as a printer and an automatic colorant feeder 30 " 

um i , ^ Example 1 
The color matching apparatus according to the present 

invention, wherein the color matching computation system A personal computer (CPU 166 MHz, memory 32 MBs 
capable of carrying out a color matching computation for an Windows 95 installed), a liquid crystal full-color display, a 
automotive repair paint either containing or not containing a 35 spectrophotometer (MacBeth) comprising a docking station 
luster component and the color data file are installed on a and a color measuring unit, and an electronic balance 
computer, is capable of outputting the result of the color (Sartorius; rmnimum weighing limit 0.1 g, maximum weigb- 
matching computation for an automotive repair paint either ing limit 7.2 kg) were set in position and the personal 
containing or not containing a luster component in a computer was loaded with a fuzzy logic color matching 
response time of as short as about 3-60 seconds in response 40 computation system adapted to perform a color matching 
to a computation command. Furthermore, the color match- computation for a metallic or pearlescent pigment- 
ing apparatus of the present invention is such that by containing paint, a database reference system, and a color 
connecting it to a database server through a communication data file for metallic or pearlescent pigments and colorants, 
channel, at least paint component base data and automotive Construction of the Database 

top coat formulation base data can be retrieved and used in 45 The color data file for metallic or pearlescent pigments 

said color matching computation so that the constantly and colorants was entered with colorimetric data on the 

updated data can be reflected in the output. Moreover, colorants and metallic or pearlescent pigments shown in 

because the database on the computer need not be so large, Table 1 at the concentrations also indicated in Table 1. 
the information storage unit, CPU, etc. are protected against 

overloading and an ordinary personal computer can be 50 TABLE 1 

sufficient to deal with the necessary operation. [ 

Moreover, the color matching computation system for Paint component Concentration (%) 

determining an adequate paint formulation containing plu- colorants Cyanine blue 0, 2.99, 9.99, 2959, 100.00 

ralities of colorants and metallic or pearlescent pigments Shadow green 0, 3.00, 10.10, 29.77, 100.00 

performs a predictive computation giving the target spectral 55 Tinting black 0, 3.03, 10.39, 29.91, 100.00 

a j* *a 1 7i • • * **l Metallic Aluminum, 0, 1.06, 3.06, 5.03, 7.06, 10.01, 

reflectance and target flop value taking into account the pigmcnte fmc _ mesh 20 41> 49.83, 69.80, 100.00 

change in spectral reflectance at each viewing angle owing Aluminum, 0, 1.02, 3.04, 5.00, 7.00, 9.99, 19.96, 

to addition of a luster component and, using the gonio- medium- mesb 30.02, 50.03, 69.86, 100.00 

spectral reflectance data generated with varied colorant- Aluminum, 0, 1.00, 3.06, 5.01, 7.02, 10.00, 

metallic or pearlescent pigment formulations and coating 60 °° a ™ h 20.06, 30.03, 50.18, 70.03, loo.oo 

conditions, applies a fuzzy logic as a computation means for 

enhancing the accuracy of color matching by correcting for For fuzzy deduction, the file was further entered with 

the difference from the computed color matching data, with calorimetric data on 18 kinds of actually coated plates, 

the result that a predicted spectral reflectance value can be Colorimetry was carried out as follows. A steel plate pre- 

computed with sufficiently high accuracy even using the 65 coated with a base coat was coated with a metallic paint and 

spectrometric data at, for example, 3—4 viewing angles. This using a multiple-angle spectrophotometer (CE-741, 

means that it is no longer necessary to repeat many a MacBeth), measurement was performed over the range of 
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400-700 nm at 10 nm intervals at the viewing angles of 20°, 
45° and 110° with the direction of specular reflection. 
Execution of Color Matching 

After the target coated color was measured with the 
spectrophotometer, the spectrophotometer was set on the 
docking station and the data were inputted into the computer. 
Then, a command for formulation computation was entered. 
The result of an initial computation was outputted in about 
10 seconds after entry of the command. Based on the result 
of computation, the paint components were weighed out 
with the electronic balance to prepare a paint. A coated plate 
was prepared with this paint in the same manner Aas the 
target coated plate. This coated plate was measured and the 
color difference AE from the target color was determined. 
The results are shown in Table 2. The predicted formulation 
obtained is shown in Table 3. 

Then, a correction computation was performed on the 
basis of the above initial computation data. The results of 
this second computation were obtained in about 8 seconds 
after entry of the instruction. Based on the results, the 
components were weighed out with the, electronic balance 
to prepare a paint. Using this paint, a coated plate was 
prepared in the same manner as the target color specimen. 
This coated plate was measured and the color difference AE 
was computed. The results are shown in Table 2. The 
predicted formulation obtained is shown in Table 3. The 
relative error of the predicted formulation after the correc- 
tion computation as compared with the target formulation 
was within 3%. 

The color of the predicted formulation during said weigh- 
ing was displayed in parallel with the target color for each 
of the highlight direction, front direction and shade direction 
and visually monitored on the color display. 

TABLE 2 



Viewing 


OE 


Target 


Initial 


Data as 


angle 


L*a*b* 


color 


data 


corrected 


20° 


L* 


97.63 


96.74 


98.95 




a* 


-32.17 


-34.55 


-30.74 




b* 


-16.05 


-17.20 


-15.69 




AL* 




-0.89 


1.32 




Aa* 




-2.38 


1.43 




Ab* 




-1.15 


0.36 




AE* 




2.79 


1.98 


45° 


L* 


53.88 


5X55 


54.11 




a* 


-21.53 


-2X46 


-20.56 




b* 


-14.62 


-15.41 


-14.23 




AL* 




-1.33 


0.23 




Aa* 




-0.93 


0.97 




Ab* 




-0.79 


0.39 




AE* 




1.80 


1.07 


100° 


L* 


25.23 


24.27 


25.40 




a* 


-3X61 


-12.02 


-11.68 




b* 


-14.69 


-15.35 


-14.29 




AL* 




-0.96 


0.17 




Aa* 




0.59 


0.93 




Ab* 




-0.66 


0.40 




AE* 




1.31 


1.03 



10 



15 



20 



25 



30 
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TABLE 3-continued 





Target 


Initial 


Data as 


Paint component 


color 


data 


corrected 


Aluminum, 


0.00 


18.90 


1.88 


medium- 








mesh 








Aluminum, 


30.00 


• 2Z35 


30.23 


coarse-mesh 









The AE of the result of correction in 'Dtble 2 was 1.98 at 
20°, 1.07 at 45° and 1.03 at 110°. Those values are differ- 
ences of practically negligible order and, in the comparative 
indication on the display, are of the visually indiscriminat- 
able order. 



Example 2 

With the coated color of a car which was 4 years after 
factory coating being used as the target color, a formulation 
computation was carried out using the apparatus of Example 
1. The personal computer was connected via a modem (33.6 
kbps) to a separately prepared server carrying the formula- 
tion data relevant to the particular car and this server- 
supplied formulation information was used in the computa- 
tion. The car formulation data utilized are shown in FIG. 4. 
When a command was entered for a computation utilizing 
said formulation of Table 4 as initial data, the predicted 
spectral reflectance was obtained within about 1 second. The 
color difference AE from the coated color aged 4 years was 
2.8. Then, a command was given for correction using the 
above formulation as initial data. As a result, a corrected 
formulation was obtained in about 4 seconds. Based on the 
result of this computation, a paint was prepared by weighing 
35 out the components with the electronic balance. Then, using 
this paint, a coated plate was prepared. The color difference 
AE between this coated plate and the target color sheet was 
1.0. 



40 



45 



TABLE 4 





Formulation 


Original 


(parts) 


Indanthrene bine 


715.0 


Hi-spark, ultra fine 


180.0 


Cyanine blue 


100.0 


Tinting black NP 


5.0 



55 



With the apparatus of Example 1, the result. of correction 
computation could be obtained in about 5 seconds inclusive 
of the initial computation time and a coated color conform- 
ing to the target color with high precision could be repro- 
duced. Furthermore, by connecting the apparatus to a server 
carrying the formulation information on the car to be 
repaired, a highly accurate formulation could be easily 
predicted with the personal computer. 



TABLE 3 



Paint component 



Target 
color 



Initial 
data 



Data as 
corrected 



Formula- 
tion 
(weight 
parts) 



Colorants 



Metallic 
pigments 



Cyanine blue 

Shadow 

green 

Tinting black 

Aluminum, 

fine-mesh 



14.00 
6.00 



0.00 
50.00 



13.96 
5.89 



0.00 
33.22 



13.20 
5.44 



0.27 
47.68 



EFFECT OF INVENTION 

60 In accordance with the present invention, a highly accu- 
rate formulation can be computed in a short response time 
for an automotive repair paint either containing or not 
containing metallic or pearlescent pigments, and because of 
only a few correction computations needed, the formulation 

65 time can be drastically reduced. Moreover, the formulation 
work which called for much skill and experience in the past 
can now be easily carried through even by the novice. 
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Furthermore, in the formulation of a plurality of metallic or formulation data and calorimetric data retrieved from said 

pearlescent pigments and a plurality of colorants, the coated database server. 

color of both of solid paint and a metallic-pearlescent paint 3. The color matching apparatus for automotive repair 

can be freely matched to an target color virtually without paints according to claim 1 wherein said color matching 

limitation in hue and luster. In addition, since the database 5 computation system uses, in performing said color matching 

can be supplemented and updated on-line, a high quality computation the automotive top coat formulation data and 

automotive repair job can be accomplished on the basis of calorimetric data retrieved from said database server as the 

the up-to-the minute technical information at all times. information for enhancing the accuracy and speed of said 

What is claimed is* color matcmn g computation. 

- A , . u- " * t * *• 4. The color matching apparatus for automotive repair 

1. A«>lormatchmgapp« a tusfora U tomot 1 verepairpa.Dt S 10 ^ acoordi tQ ^ in a sta whcre H the 

which compnses a computer, a color display, a spectropho- nents t0 be formulated m wei ^ ed out ^ ^ 
tometer capable of color measurement at a plurality of b&l&D(x ^ ^ & ^ fonnulatioa 
viewing angles, and an electronic balance wherein said color determined b ^ TOlor m t tchin computation, the ore- 
matching apparatus is provided as installed on said dic(ed roduc|km ^ corresponding to a formulation in 
computer, a color matching computation system capable of is ^ Qf ^ fe fa ^ ^ m a 
performing a color matching cornputation for said automo- ^ - n & ^ a ^ for rison . 
tive repair paint, a color data ffle and a database reference 5 hatching apparatus for automotive repair 
system capable of referring to a remote database server for ^ accordin , Q claim t wherein said spectrophotometer 

retneval of at least paint component base data and automo- r . j i* 4 ^ , i m • ,™* 

, . . r , compnses a docking station and a color measuring unit 

tive top coat formulation base data via a commumcation 20 , bat , * wherein ^ ^ ; s recnarg6able 

channel and, in response to a computation command, is ^a^i/^o^e^^g^itissetins^docktogstation 

capable of carrying out said color matching computauon for remains ^ cxtema , , 

said automotive repair paint on the basis of colonmetnc data . . , „„„ ■ - t • . , mo „„J;„„ t u 0 

« . , - -/ 1 . . , . . . , said color measunng unit is capable of measuring the color 

obtamed from said spectrophotometer and color data in said f n o , . . „„„ • f f r ~* • . „ , „ 

j . ... 1. <• -j 1 iL of a sample plate even in the condition or said color 

color data file and outputUng the result of said color match- 25 measurin uni , remaining ^ on ^d docking station, 

mg computahon to saui color display and ^romc balance, co , or matdji ^ fof aulomotive re ^ 

with said apparatus, upon connection to the database server accorfin ^ comprising a gonio spec- 

v,a said communication channel, being enabled to re neve at ^ hotometer f da pted to generate goniospectral reflect^ 

least said paint component base data and automotive top . /* nn n m . „. r 3 „:L™„, ° ; „ m JZ^ n * «*;„t 

r *, . . , . j 4l _ .j . data on a metallic or pearlescent pigment-containing paint 

coat formulation base data and use them in said color 30 Cl , , • a a * - a w m fJL„„ 

, film color and using said data in said color matching 

matching computation, wherem said color matching com- . 

putation system is adapted to perform a predictive compu- ^ matcbi ^ for automolivc rcpair 

tation of a formulation giving a target special reflectance iccording to c l aim 1 wherein at least said computer 

and a target flop value on the basis of calorimetric data ..j-, , . - ■ . ■ . .u • 

" . j ? " , ^ . „ , | , . ., and color display are enclosed in a solvent-resistant housing, 

obtamed from said spectrophotometer and color data m sa.d 35 g ^ ^/n,^ atus for automotive repair 

color data file taking into account the change in spectral according to ^im 1 wherein said housing is made of 

reflectance at a metallic or pearlescent pigment and the stainless steel ^ display comprises a touch panel 

result of said predictive computation ls corrected by a fuzzy made rf ^^^^ material ^ and me exterior of ^ 

deduction algorithm by using spectral reflectance data at a measurin uni , of „„. specmj p ho tometer color is made of 

plurality of viewing angles as generated with a plurality of 40 Aslant resm 

sample plates prepared according to varied formulaaons of , matchi tus fof automo|ivc ^ 

colorant and metallic or pearlescent pigments under vaned ^ accordi ^ ^ touch nc , ^ , 

coating condiuons as previously stored in a computer J^, of ^ ^ 

memory. 10. The color matching apparatus for automotive repair 

2. The color matching apparatus for automotive repair 45 ^ tQ ^ ? wherein ^ c ter u a 
paints accordmg to claim 1 wherem said color matching ^ o£ ^ 00^^^,, ^d small heat geD- 

computation system performs said color matching compu- 
tation taking into account the fading of coating of an 
automobile to be repair-coated using the automotive paint 



e ration. 
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